Abstract -This paper compares the achievable packet error rate to reduce the PAPR, the application of the n/2-shifted BPSK and throughput performance levels of 16QAM modulation modulation scheme was proposed and adopted [3] . However, are necessary for QPSK and 1 6QAM modulation schemes. This modulation scheme using Turbo coding with the coding rate of paper focuses on the 16QAM modulation scheme. It is well R = 1/3 in the six-ray Typical Urban channel model, when the known that the square 16QAM modulation scheme provides amplitude ratio between the inner and outer ring, Rradius, is equal the least required received signal-to-noise power ratio (SNR) to to 1.2. The results also show that although the star 16QAM
modulation scheme using Turbo coding with the coding rate of paper focuses on the 16QAM modulation scheme. It is well R = 1/3 in the six-ray Typical Urban channel model, when the known that the square 16QAM modulation scheme provides amplitude ratio between the inner and outer ring, Rradius, is equal the least required received signal-to-noise power ratio (SNR) to to 1.2. The results also show that although the star 16QAM the le required biteerro rator p or rate (PER) to modulation scheme reduces the effective required average satisfytherequiredbiterrorrateorpacketerrorrate(PER)among received ES/No including the CM compared to the square 16QAM the 1 6QAM modulation schemes [4] . However, the achievable modulation scheme, this merit is concealed by the application of PER or throughput considering the PAPR has not yet been low modulation schemes such as QPSK and 8PSK when adaptive reported to be best knowledge of the authors.
modulation and coding is applied. Therefore, we conclude that Therefore, this paper compares the achievable PER and the square 16QAM modulation scheme is an appropriate throughput performance levels of 16QAM modulation schemes candidate for SC-FDMA radio access in the Evolved UTRA uplink.
considering the PAPR for SC-FDMA radio access in the Evolved UTRA uplink. In the paper, we use a cubic metric (CM), which is an empirical criterion corresponding to the transmission back-
The specification ofthe study item on the Evolved UTRA (UMTS off ofthe transmitter power amplifier [5] . We investigate the PER Terrestrial Radio Access) and UTRAN (UMTS Terrestrial Radio and throughput perfonmance levels including the calculated CM Access Network) is anticipated to be accomplished in June this value into the required average received signal energy per year in the 3rd Generation Partnership Project (3GPP). The symbol-to-noise power ratio (E,/No). The rest of the paper is Evolved UTRA and UTRAN will achieve full IP-based organized as follows. First, Section II describes the 16QAM functionalities with low latency and low cost employing the 3G modulation schemes assumed in the paper. Then, PAPR, CM, spectrum with the maximum channel bandwidth of 20 MHz [1] .
and PER performance levels are investigated for the various In the downlink, orthogonal frequency division multiplexing 16QAM modulation schemes in Section III. Finally, Section IV (OFDM) based radio access was adopted, since OFDM is robust presents the overall PER and throughput performance levels against severe multipath interference, i.e., time dispersion, which considering the CM as transmission back-off. occurs in broadband channels wider than, e.g. In the Evolved UTRA, the current working assumptions for the data modulation schemes are QPSK, 8PSK, and 1 6QAM. In order amplitudes. In the paper, we assume two rings. In the figures, instantaneous cubic amplitude for each symbol which is Rradius indicates the ratio of the inner ring amplitude, ri, to the normalized by the average amplitude of the input signal [5] . In outer ring amplitude, r2. The narrowband data modulation for Eq. 5, "1.52" and "1.85" are empirical factors. It was reported in star 1 6QAM modulation schemes is represented in the following [5] that the CM could be directly used as transmission back-off equations. For the (4, 12) (4) and 0.7 dB, respectively, compared to those ofthe square 16QAM q~(i) e { qii / 4; q 0, 1, )
modulation scheme. Therefore, the tables show that the star 16QAM modulation scheme is more advantageous than the The feature of the (4, 12) star 1 6QAM modulation scheme is square 1 6QAM modulation scheme from the viewpoint of the such that the inner ring iS robust against noise and interference reduction in the PAPR and CM.
Owing to the long Euclidian distance compared to the (6, 10) and (8, 8) star 1 6QAM modulation schemes. Meanwhile, robust signal B. Average PER Performance mapping is possible in the (8, 8) star 16QAM modulation scheme by assigning three bits for phase difference and one bit for
We also investigate the average PER performance of the amplitude difference independently. As we indicate in the respective 16QAM modulation schemes without considering subsequent section, the PAPR in the star 1 6QAM modulation the CM. Table 2 gives the radio parameters assumed in the paper. of the achievable PER performance do not depend on the pilot modulation scheme when the optimum Rradtus value is used in sequence, since we assume a single-user condition). At the both cases of R = 1/3 and 1/2. receiver, we employ two-branch antenna diversity reception. The received path timings are estimated from the generated power I OVERALLAVERAGE PER PERFORMANCE COMPARISONS delay profile using the time-multiplexed pilot channel with a CONSIDERINGCM threshold detection method. The threshold value is set such that it becomes six times higher than that of the noise power A. Average PER Performance Considering CM level. The channel impulse response, i.e., channel gain, and noise power are also estimated employing the pilot channel. The The results of the PER performance in Figs. 2 and 3 do not channel gain of each sub-frame is derived by linear interpolation consider the CM. Therefore, we compare the average PER or extrapolation of the channel estimates of two pilot blocks in performance considering the CM in this section. Figure 4 Fig. 4(a) since the channel variation as a parameter using the channel coding rate ofR = 1/3 and 1/2, approaches the AWGN condition when channel-dependent respectively, as a function of the average received EJ/No per scheduling is applied. Figure 4(a) shows that in the case ofR = 1/3, receiver branch. The PER performance of the square 1 6QAM both the (8, 8) and (4, 12) decreased by approximately 0.8 dB compared to that ofthe square also show that the PER performance of the square 1 6QAM 16QAM modulation scheme. Meanwhile, in the case of R = 1/2, modulation scheme is superior to those ofthe (4, 12) Fig. 3(a) , the loss in the PER performance of the (8, 8) modulation schemes. Figure 5(a) shows that the (8, 8) and (4, 12) star 1 6QAM modulation scheme compared to that of the square star 1 6QAM modulation schemes achieve a higher throughput 16QAM modulation scheme is small without considering the CM than the square 16QAM modulation scheme forR = 1/3. However, owing to the large channel coding gain. Accordingly, the CM as indicated in the figure, the QPSK modulation scheme with (PAPR) in the (8, 8) star 16QAM modulation scheme reduces the R = 2/3 achieves higher throughput than that achieved by the effective required average received Es/No compared to the square 1 6QAM modulation scheme with R = 1/3. We also find that the 16QAM modulation scheme. Meanwhile, in the case of R = 1/2, (8, 8) and (4, 12) star 16QAM modulation schemes withR = 1/2 the square 1 6QAM modulation scheme achieves better achieve almost the same throughput as that achieved by the performnance than the (8, 8) and (4, 12) modulation scheme with R = 2/3 achieves higher throughput the coding rate ofR = 1/3, respectively, in the six-ray TU channel than that achieved by the 16QAM modulation scheme with model. It was also clarified that although the star 16QAM R = 1/3. We also find that the (8, 8) and (4, 12) star 16QAM modulation scheme can reduce the effective required average modulation schemes with R = 1/2 achieves almost the same received EJNo including the CM compared to the square 16QAM throughput as that achieved by the 8PSK modulation scheme modulation scheme, the merit was concealed by the application with R = 2/3. Therefore, the advantage of the (8, 8) and (4, 12) of low modulation schemes such as QPSK and 8PSK when the star 16QAM modulation schemes with a low channel coding AMC was applied. Therefore, we conclude that the square rate is concealed by the usage of the QPSK or 8PSK modulation 1 6QAM modulation scheme is an appropriate candidate for SCscheme with a high coding rate. Therefore, we conclude that FDMA radio access in the Evolved UTRA uplink. although the star 16QAM modulation scheme reduces the effective required average received EJ/No including the CM
